The parasites are indicative of several biological aspects of their hosts, including their diet, migration, recruitment and phylogeny, but they can also be direct indicators of the environmental quality. Hoplosternum littorale is a fish that has a high commercial value in some South American countries. The fishes were collected from January to July 2012, in two locations of the Peixe River in the municipality of Anhembi, State of São Paulo, Brazil, which had different environmental and limnological characteristics (river mouth and Lagoa Cabeça de Boi). An amount of 30 fish specimens were captured in each location for the analysis of their parasitic fauna. Nine species of metazoan parasites were collected. Both Brillouin`s diversity index and Margalef`s richness index were greater in the Lagoa Cabeça de Boi. The ratio of heteroxenous and monoxenous parasite species richness (S H /S M ) was higher in the Lagoa Cabeça de Boi. The results of the physicochemical analysis of the water showed that the mouth of the Peixe River can be considered an area that suffers more from anthropogenic actions than the Lagoa da Cabeça de Boi. Proteocephalus sp., Gyrodactylus sp., Scleroductus sp. and Capillaria (Neocapillaria) pterophylli are being registered for the first time in this host.
INTRODUCTION
Hoplosternum littorale (Hancock, 1828) is a fish whose common name is Tamboatá, a representative of the Order Siluriformes and Family Callichthyidae, presents a demersal habit, with a one-meter-depth range, fresh water fish from tropical environments (Nico et al. 1996) . This species has a high commercial value in some South American countries and it presents an easy reproduction in confined environments and a good tolerance to low levels of oxygen, which makes them favorable for the cultivation (Luquet et al. 1990 ). It has a sub-terminal mouth; its body is ventrally flat and covered by bone plates, which enables us to infer that this species is little agile, having a twilight-night food life cycle to avoid the predation by large piscivorous (Reis 1997).
According to Hahn et al. (1997) , the H. littorale is a species with a large eating variety; the larvae and the young animals feed mainly on rotifers, microcrustaceans (mainly copepods) and other small invertebrates, while the adults explore more the groups of microcrustaceans, chironomidae and nematodes, in addition to organic detritus and sand grains (Nico et al. 1996) . According to Agostinho et al. (2004) this species is considered migratory of short distances or sedentary, with parental care.
The springs of the Peixe River ( Figure 1 ) are located in the municipality of Torre de Pedra (SP), in the area along the Cuesta Basáltica Environmental Preservation Area (Área de Preservação Ambiental -APA) in Botucatu. The river comprises a drainage sub-basin, equivalent to 584.0 Km 2 in the direction of the South-North axis and flows into the Tiete River, in a location a little after the Barra Bonita Reservoir (Caramaschi 1986) . The issue concerning the global biodiversity has been widely discussed nowadays, and some authors have defended the study of the parasite species as a fundamental part of it and the least studied group since there is a deficit in the studies about systematic and parasite biodiversity in the world (Brooks and Hoberg 2001, Poulin and Morand 2004) . Parasites are indicative of several biological aspects of their hosts, including their diet, migration, recruitment and phylogeny, but they can also be direct indicators of the environmental quality (Galli et al. 2001) . Areas under the influence of different environmental impacts may cause changes in the population dynamics of the fish fauna, affecting directly the parasite populations, regarding the prevalence and size of their infrapopulations (Pavanelli et al. 2004) . Parasites manifest environmental changes faster than their hosts do (Silva-Souza et al. 2006) , and these environmental changes affect the parasites in several manners. The increase or the decrease of the parasitism can indicate anthropic actions that are benefiting the development of some life phase of the parasites and hosts (Lafferty 1997) .
The effects of pollution on parasites may be positive or negative: pollution may increase parasitism, or it may be fatal for certain parasite species, leading to a decrease in parasitism (Sures 2005) . For heteroxenous metazoan parasites, environmental conditions must be favorable for all host levels (intermediate and final hosts) and for eventually free living stages of the parasites. For monoxenous metazoans, only the ecological demands of the host and the parasite must be fulfilled. Parasites with direct life cycles are normally ectoparasites. Parasites with direct life cycles are in permanent contact with the water and are; therefore, likely to have developed a resistance to changes in water quality. Differences in the susceptibility of heteroxenous and monoxenous parasites can be used to indicate environmental pollution by calculating the ratio of the sums of heteroxenous and monoxenous (H/M) parasite individuals per host, as well as the ratio of heteroxenous and monoxenous parasite species richness found on the host fish (S H /S M ) (Sures 2005) .
Based on this perspective, this study aimed to develop a study of the parasitic communities of the H. litorale, collected in two locations of the Peixe River with different limnological and environmental characteristics.
MATERIALS AND METHODS
Sixty specimens of H. littorale were collected from the Peixe River in the municipality of Anhembi, State of São Paulo, Brazil. An amount of 30 specimens were collected in each locality, from January and July, 2012. The sampling sites were selected on the basis of different environmental and limnological characteristics. The first sampling site is known as Lagoa da Cabeça de Boi (22°49'50.7" S -048°06'37.0" W) and the second one is the Mouth an average weight of 124.9 ± 53.7 g and an average length of 14.3 ± 2.6 cm. Specimens collected in the Mouth of the Peixe River presented an average weight of 113.5 ± 50.6 g and an average length of 14.3 ± 2.5 cm.
To assess the limnological characterization of the locations studied, we collected water samples in each sample point where the nets were placed for the fish sampling. At each fish collection, a new water sample was taken. The following physicochemical factors of the water were assessed in situ in each collection: transparency (by means of the Secchi disk), dissolved oxygen, temperature, electric conductivity and pH -obtained through a Horiba multi-sensor device. In the same points, we also collected samples of water through the Van Dorn bottle. The samples were transferred to 5-liter-gallons, which were previously identified regarding the sample point for the analyses of total phosphorus and ammonia levels (Henry and Nogueira 1999), nitrite and nitrate (Golterman et al. 1978) .
Parasite prevalence, intensity, and abundance were calculated according to Bush et al. (1997) . Parasites were classified according to their prevalence in the core species (prevalence higher than 66.66%), secondary species (prevalence from 33.33 to 66.66%) and satellite species (prevalence lower than 33.33%) with the aim of verifying the Importance Value, i.e., the importance of each species in the helminth parasite community (Bush and Holmes 1986) . For those parasite species with a prevalence higher than 10%, common in the two locations, the Student t-test on log (x + 1) transformed data was used to test significant differences of parasite abundance in the two locations (Zar 1999) . The variance of mean ratio of parasite abundance (index of dispersion) was used to determine spatial distribution patterns (Ludwig and Reynolds 1988) . The frequency of dominance and relative dominance (number of specimens of one species/total number of specimens of all species in the infracommunity) of each parasite species were calculated according to Rohde et al. (1995) . The Spearman's rank correlation coefficient rs was calculated to determine possible correlations between the host's total body length and abundance of parasites and between the host's total weight and abundance of parasites 1999. The analysis included only parasite species with a prevalence greater than 10% (Bush et al. 1997) . The following community descriptors were calcu lated at the infracommunity level: number of parasite individuals (total abundance), species richness, Brillouin's diversity index (log 10 based), evenness associated with Brillouin's diversity index and Margalef's richness index. The effects of the two locations on the community descriptors were evaluated using the Student's t-test on log (x + 1) transformed data (abundance) (Zar 1999) . The ratio of the heteroxenous and monoxenous parasite species richness (S H /S M ) were calculated as suggested by Diamant et al. (1999) for each location. According to these authors, higher values are expected in parasitic communities of fish collected in ecologically stable habitats. The statistical significance level was established at p < 0.05. The ecological terminology follows Bush et al. (1997) . Voucher specimens of helminthes were deposited in the Coleção Helmintológica do Instituto de Biociências, Botucatu, (CHIBB), in the State of São Paulo, Brazil.
RESULTS
Nine species of metazoan parasites were collected (Tables II and III ). All fishes were parasitized by at least one species of metazoan parasite. A total of 825 specimens was collected, being 514 in the Lagoa da Cabeça de Boi and 311 in the Mouth of the Peixe River, with an average total abundance of 17.14 ± 1.00 and 10.36 ± 0.58, respectively. All species collected in the Mouth of the Peixe River were present in the Lagoa da Cabeça de Boi. In the Lagoa da Cabeça de Boi, the parasite that presented the greatest dominance frequency was the monogenetic Gyrodactylus sp. while, in the Mouth of the Peixe River, it was the digenetic Austrodiplostomum compactum (Tables IV and  V) . Except for the Magnivitellinum corvitellinum and Scleroductus sp., which presented a regular distribution pattern in the Lagoa da Cabeça de Boi, the other parasites presented a typical pattern of aggregated distribution (Tables IV and V) . The monogenetic Gyrodactylus sp. presented a positive correlation between its abundance and the total length of the host in the Mouth of the Peixe River (rs=-0.31, P=0.02), and the other parasites did not present any significant correlation. The weight of the H. littorale did not influence the parasitism in any of the points (Table VI) . The species Glossiphoniidae gen. sp., Austrodiplostomum compactum, Magnivitellinum corvitellinum and Capillaria (Neocapillaria) pterophylli were classified as secondary in the Lagoa da Cabeça de Boi, and the species Magnivitellinum corvitellinum and Gyrodactylus sp. were classified as secondary in the Mouth of the Peixe River; all others were classified as satellite (Tables II and III) . Comparing the specimens in common in the two points, statistically significant differences were found in the abundance of Austrodiplostomum compactum and Gyrodactylus sp. (Table VIII) . Both Brillouin`s diversity index and Margalef`s richness index were greater in the Lagoa Cabeça de Boi (Table VII) . There was no significant difference between the mean species richness, mean total abundance. The Brillouin's diversity index, the Pielou´s evenness index and the Margalef´s richness index in the two collected locations (Table  IX) . The ratio of heteroxenous and monoxenous parasite species richness (SH/SM) was higher in (Table II) .
DISCUSSION
The results of the physicochemical analysis of the water showed the mouth of the Peixe River can be considered an area that suffers more from anthropogenic actions than the Lagoa da Cabeça de Boi (Table I) and; therefore, it is slightly more affected. These results can be associated with the fact that this point is already influenced by the Tietê River and by other impacts, as previously explained, since the increase of the ions studied in this research, in water bodies, can be a result of anthropogenic actions. We can highlight the use of fertilizers and nitrogen inputs that are largely used in the agriculture (Barbosa 2005). The parasitic community of H. littorale was characterized in the two points by a high richness and diversity. According to Bush et al. (1997) , diversity is the concept that describes the composition of a community in terms of the number of species and some factor that weighs the relative equality of the distribution of each species. In no environment, all species are equally common; some are very abundant, others are moderately common and the majority is rare. In the Lagoa da Cabeça de Boi, the richness of species and the abundance of the heteroxenous parasites are superior compared to the ones found in the Mouth of the Peixe River. According to Sures (2005) , the adverse environmental conditions, such as the water pollution, might have deleterious effects on intermediate hosts of heteroxenous parasites and, thus, reduce the parasite abundance. Consequently, populations of such monoxenous parasites are expected to be less affected by the change of environmental conditions compared to heteroxenous parasites. That also justifies the fact there is a significant difference between the abundances and the dominance of Austrodiplostomum compactum and Gyrdactylus sp. in the two points.
According to Luque et al. (2004) , in fish, some comparative studies have shown the size of the body of the host is a good preview of the richness of the parasite species, while others do not show any effect of the length in the parasitic richness. The monogenetic Gyrodactylus sp. presented a positive correlation between its abundance and its hosts length. Based on the arguments of the biogeographic islands theory, bigger hosts can accommodate more species of parasites than the minors; therefore, they can have an increased exposition to external parasites due to its bigger area of surface, which facilitates the contact with the infecting periods (Luque et al. 2004) .
Except for the Magnivitellinum corvitellinum and Scleroductus sp., which presented a uniform distribution pattern, all the other parasites presented the aggregate pattern of distribution. This pattern is considered typical in the parasites of freshwater fish. According to Zuben (1997) , the aggregate pattern of distribution acts to increase the dependent regulation of the density and the abundance of both hosts and parasites, besides reducing the level of interspecific competition between the parasites.
The mixozoary Henneguya guanduensis was described by Abdallah et al. (2007) parasitizing the gills of this host in the Guandu River; however, in the Peixe River, this parasite was found in the gills and stomach.
Proteocephalus sp., Gyrodactylus sp., Scleroductus sp. and Capillaria (Neocapillaria) pterophylli are being registered for the first time in this host.
